Normal human gamma-globulin contains two major ultracentrifugal components. The main one has a sedimentation rate of 7S, while the minor one, which normally makes up from 5 to 10 per cent. of the total gamma-globulin, has a sedimentation coefficient of 19S (Muller-Eberhard, Kunkel, and Franklin, 1956) . It has been demonstrated by numerous observers, particularly Svartz and Schlossman (1954) and by Ziff, Brown, Lospalluto, Badin, and McEwen (1956) , that the rheumatoid factor is a gamma-globulin and that it can be concentrated in the euglobulin fraction of serum. Since the euglobulin fraction is rich in the minor high molecular weight fraction of gamma-globulin, it seemed * Paper presentedrat the IX InternationallCongress of Rheumatology at TorontolinJune,1957. likely that the rheumatoid factor might be associated with a protein of high molecular weight. An ultracentrifugal study of sera and serum fractions from patients with rheumatoid arthritis was therefore undertaken in an effort further to characterize the rheumatoid factors responsible for the positive serological tests. Each of these was found to be of high molecular weight. In addition, it was possible to detect in the sera of certain of patients with rheumatoid arthritis the presence of an unusual high molecular weight protein complex (Franklin and others, 1957) .
Materials and Methods
These are similar to those previously described (Franklin and others, 1957) and will be outlined only briefly.
(1) Ultracentrifugation.-Analytical examination of sera and protein fractions was carried out in a Spinco Model E ultracentrifuge. Preparative density gradient ultracentrifugation was performed in a Spinco Model L ultracentrifuge in a swinging bucket rotor through a sucrose gradient. The distribution of gamma-globulins of different sedimentation rates was determined by a quantitative immunologic assay, using antisera against the major 7 S gamma-globulin and the minor 19 S gammaglobulin fractions; it was further checked by analytical ultracentrifugation of the recovered material.
(2) Electrophoresis.-Zone electrophoresis was carried out according to methods previously described, using starch as a supporting medium and barbital buffer pH 8-6, T2 01.
(3) Serologic Tests.-The gamma-globulin precipitation test was carried out with gamma-globulin heated at 63°for 10 minutes as previously described. The sensitized sheep cell agglutination test was performed according to the method of Heller, Kolodny, Lepow, Jacobson, Rivera, and Marks (1955) , the latex fixation test according to Singer and Plotz (1956) Arthritis.-Fresh sera from 31 patients with rheumatoid arthritis and 37 sera from normal control subjects and from patients with a variety of diseases many of which were associated with abnormalities in the serum proteins were examined in the analytical ultracentrifuge. In all the sera examined a peak with a sedimentation coefficient of 19S could be observed during the first hour of centrifugation at 52,640 r.p.m. This peak can be seen in normal serum (Fig. 1, opposite) . In fourteen of the sera from patients with rheumatoid arthritis this peak divided into two parts. One of these sedimented with the normal 19S component. The other one sedimented more rapidly and has previously been called the 22S component (Franklin and others, 1957) . In seven of these fourteen sera this component was present in concentrations between 75 and 350 mg. per cent., while in seven others it was present in amounts too small to be accurately measured and could be noted only as a distinct asymmetry preceding the 19S peak. The plasma was examined in two cases and was also shown to contain the component. Three sera from patients with rheumatoid arthritis with easily detectable amounts of this unusual complex are shown in Fig. 1 (opposite). None of the control sera contained measurable amounts of this high molecular weight material.
(2) Relationship of High Molecular Weight Complex to Serological Tests.- Table I demonstrates that, in general, there was some correlation between the amount of 22S material and the intensity of the precipitation reaction and sheep cell agglutination reaction. Subsequent studies on many additional sera have confirmed this observation and have shown a similar relationship of the high molecular weight fraction to the latex fixation and Rh agglutination reactions. In every case sera that were most highly active by the serological tests contained measurable amounts of 22S material. It appeared that the ultracentrifuge was relatively insensitive and that small amounts of 22S material might be present but remain undetected in sera that were less positive in the serological reactions.
Further direct evidence demonstrating that the biologic activities were associated with a high molecular weight protein was obtained by density gradient high speed centrifugation of whole sera. x.-Ultra-molecular species in a number of instances, it was electro-possible to determine an approximate sedimentation )m sera of coefficient of the complex. The s'0,w was calculated d the high to be 22 7S. Since it seemed possible that the 22S -iated only component might represent a circulating complex 2 shows it composed of 19S gamma-globulin and another la-globulin protein, attempts were made to dissociate it and to ian that of study the constituent parts. The 22S material Lilarly, the proved to be readily dissociable by 4-6M urea, acid Liite closely at pH 3, and various other procedures. Although omponent. the initial observations were carried out on electrotained any phoretically isolated gamma-globulin fractions, it were they soon became evident that, for purposes of accurate s.
quantitation of the composition of the 22S material, the euglobulin fraction prepared by dilution of the ,olela/r weght serum with 10 volumes of deionized distilled water was superior. By this simple procedure it was possible to achieve considerable purification of the high molecular weight material. Fig. 3 shows the appearance of -the euglobulin fraction prepared from equal aliquots of a highly active rheumatoid serum and subsequently dissolved in equal volumes of saline, 30 The exact incidence of the 22S component in sera from patients with rheumatoid arthritis is difficult to determine because of the insensitivity of the ultracentrifuge. It can be seen by direct ultracentrifugal examination as a well-defined peak or as a broad inhomogeneity in about one-third of the patients. However, since it is detectable only in those sera which are strongly positive by the much more sensitive serological tests, it seems probable that this material may be present in amounts too small to be detected in a greater percentage of the cases. This is in line with the known higher incidence of positive results by the serological tests.
The observation that the 22S material is readily dissociated into two components with sedimentation rates of 7S and 19S indicates that it is a complex of 7S and 19S material which exists in a soluble state in the sera of certain patients with rheumatoid arthritis. While the serological titres observed in whole serum seemed, in general, to parallel the amount of 22S material present, it has not been ruled out that some activity could reside in the 19S fraction of fresh serum. It has been readily possible to obtain highly active 19S material both by dissociation of the 22S complex and by centrifugal isolation from dissolved precipitates formed by the interaction of Fraction II gamma-globulin and rheumatoid factor. This would suggest that the true rheumatoid factor is a 19S gamma-globulin, but that it exists in vivo primarily as a circulating complex. Since 19S gamma-globulin is known to contain a number of antibodies 
